The FAD-containing enzyme cholesterol oxidase catalyzes the oxidation and isomerization of 3β-hydroxysteroids having a trans double bond at ∆ 5 -∆ 6 of the steroid ring backbone to the corresponding ∆ 4 -3-ketosteroid. Two representative enzymes of this family, namely cholesterol oxidase from Streptomyces hygroscopicus (SCO) and the recombinant enzyme from Brevibacterium sterolicum (BCO) expressed in Escherichia coli, have been characterized herein in their chemical, physical, and biochemical properties. In the native form, both enzymes are monomeric (55 kDa), acidic (pI 4.4Ϫ5.1) and contain oxidized FAD (peaks in the 370Ϫ390-nm and 440Ϫ470-nm regions). Marked differences exist between the oxidized, reduced, and (red) anion semiquinone spectra of the two enzymes, suggesting substantial differences in the flavin microenvironment. Both enzymes form reversibly flavin N(5)-sulfite adducts via measurable k on and k off steps. BCO has a higher affinity for sulfite (K d Ϸ 0.14 mM) compared to SCO (Ϸ24 mM). This correlates well with the midpoint redox potentials of the bound flavin, which in the case of BCO are about 100 mV more positive than for SCO. Both enzymes show a high pK a (Ϸ11.0) for the N(3) position of FAD. With both enzymes, the rearrangement of 5-cholesten-3-one to 4-cholesten-3-one is not rate limiting indicating that the rate-limiting step of the overall reaction is not the isomerization. The absence of the double bond in the steroid molecule does not significantly affect turnover and affinity for the substrate, whereas both these parameters are affected by a decreasing length of the substrate C17 chain.
Cholesterol oxidase (CO) is a FAD-dependent enzyme that terol concentration for the assessment of arteriosclerosis and other lipid disorders, in the microanalysis of steroids in food catalyzes the oxidation and isomerization of 3β-hydroxysteroids having a trans double bond at ∆ 5 -∆ 6 of the steroid ring yielding specimens, for the determination of the steric configuration of 3β-hydroxysteroids and in the preparation of 3-ketosteroids from the corresponding ∆ 4 -3-ketosteroid and hydrogen peroxide (see Scheme 1). Although the enzyme works on a broad range of their corresponding 3β-hydroxysteroids. In addition, CO from Streptomyces (strain A19249) exhibits a potent insecticidal acsteroid substrates, the 3-hydroxy group in the position of the sterol molecule is an absolute substrate requirement for the oxi-tivity (Purcell et al., 1993; Corbin et al., 1994; Ghoshroy et al., 1997) . dation reaction (Smith and Brooks, 1975; Kamei et al., 1978; Inouye et al., 1982) . The enzyme has been isolated from several In spite of this broad spectrum of applications and interests, and the fact that the three-dimensional structure of CO from sources, including member of the genera Streptomyces (Kamei et al., 1978) , Brevibacterium (Uwajima et al., 1973) , Pseudomo-Brevibacterium sterolicum (American Type Culture Collection no. 21387) in the presence and in the absence of a steroid subnas (Lee et al., 1989) , Schizophyllum (Fukuyama and Miyake, 1979) , and Rhodococcus (Johnson and Somkuti, 1991) . CO from strate has become available (Vrielink et al., 1991; Li et al., 1993) , a thorough chemical, physical, and biochemical characbacterial sources exhibits a wide range of clinical and industrial applications, as it is used in the clinical determination of choles-terization of this group of enzymes has not yet been reported.
On the other hand, there is a wealth of literature dealing with some detailed aspects of particular CO enzymes. We have thus
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Enzyme. Cholesterol oxidase (EC 1.1.3.6).
bound FAD, while the BCO studied in this work contains FAD First publ. in: European Journal of Biochemistry 250 (1997), 2, pp. 369-376 Konstanzer Miscellaneous methods. For reactions with sulfite, the recovalently linked to a histidine of the peptide backbone. The elucidation of its three-dimensional structure is in progress (Cro-agent was prepared just before use as 2 M stock solution in 0.1 M potassium phosphate, pH 7.5. Aliquots were then added teau and Vrielink, 1996) . A detailed comparison of the two CO enzymes, which have similar properties, might elucidate to enzyme solution in 0.1 M potassium phosphate, pH 7.5, at 25°C. The rate of decay (k off, dissociation of SO 2Ϫ 3 ) for the N(5)-whether, at least in the present case, covalent flavin linkage to the protein is merely due to the 'accidental presence' of a histi-sulfite adduct was determined spectrophotometrically after removing excess sulfite by gel filtration (application of 1-ml dine in its vicinity, or has a still unrecognized function.
samples to a Sephadex G-25 column, void volume 6 ml, at 4°C). Anaerobic experiments were performed on samples prepared by MATERIALS AND METHODS alternate evacuation and flushing with O 2 -free nitrogen in 1-ml cells equipped with side-arms. Photoreduction in the presence Materials and enzymes. 5-Cholestene-3β-ol (cholesterol), 5-androstene-3β-ol-17-one (trans-dehydroandrosterone), 5-preg-of EDTA was conducted as described by Massey et al. (1978) in 0.1 M potassium phosphate, pH 7.5, at 25°C. The cuvette nene-3β-ol-20-one (pregnenolone), 5A-cholestan-3β-ol (cholestanol), Thesit, and Triton X-100 were purchased from Boeh-with the protein solution was in a water bath at 10°C and at approximately 7 cm from a 150-W quartz halogen light source. ringer Mannheim; EDTA and SDS were from Sigma ; isopropanol and sodium sulfite were from Merck. All other reagents were The cuvette was removed at time intervals and absorption spectra were recorded. SDS/PAGE was performed according to of the highest purity commercially available. SCO, purified from S. hygroscopicus cells (Wels, 1997), and recombinant B. steroli-Laemmli (1970) . Analytical isoelectrofocusing was accomplished in a 2.5-mm-thick 7 % acrylamide slab in 2.5% amphocum CO (Jarsch, M., patent no. DE 43 42 01 2 A1, 1994), expressed and purified from E. coli cells, were obtained from line pharmalyte (Pharmacia) over the pH range 2.5Ϫ8.0 at 10°C.
Gels were stained for protein with Coomassie brilliant blue RBoehringer.
Enzymatic activity. Cholesterol oxidase activity was 250 and for activity by incubating the gels for 45 min at 30°C in the following medium: 1.4 mM 3β-hydroxy-5-androsten-17-assayed using the following methods : polarographically ([∆O 2 ] assuming [O 2] ϭ 0.253 mM at 25°C in air); spectrophotometri-one and 1.4 mM 5-pregnenolone in 0.5 M potassium phosphate, pH 7.5, 1% Thesit, 1.25% isopropanol, and 0.025% iodonically (production of 4-cholesten-3-one followed at 240 nm, assuming ε 240 ϭ 15500 M Ϫ1 cm Ϫ1 ); via determination of H 2 O 2 trotetrazolium. Gel filtration of CO was accomplished with a Superose 12 or a Superdex 200 column using an FPLC system with an enzyme-coupled assay using horseradish peroxidase (Macheroux et al., 1991) (0.01 mg/ml) and o-dianisidine (Pharmacia). Columns were equilibrated with 0.1 M potassium phosphate, pH 7.5, with or without 0.3 M KCl and eluted at a (0.16 mg/ml) followed at 440 nm, assuming ε 440 ϭ 13000 M Ϫ1 cm Ϫ1 at 25°C in 0.5 M potassium phosphate, pH 7.5. The pres-flow rate of 0.5 ml/min. Alternatively, an Ultrogel AcA 44, a Sephacryl S-200, or a Sephadex G-100 column (1 cmϫ40 cm) ence of a detergent (Thesit) and of an alcohol (isopropanol) is required for the optimal solubilization of the substrates. With were used at a flow rate of 0.2 ml/min with an Econo-System apparatus (Bio-Rad). Molecular mass standards: β-amylase trans-dehydroandrosterone and pregnenolone, the production of 4-androstene-3,17-dione and 4-pregnene-3,20-dione was fol-(200 kDa), alcohol dehydrogenase (150 kDa), albumin (66 kDa), carbonic anhydrase (29 kDa), and cytochrome c (12 kDa). Delowed at 240 nm, assuming ε 240 ϭ 16200 M Ϫ1 cm Ϫ1 and ε 240 ϭ 17 100 M Ϫ1 cm Ϫ1 , respectively. termination of the aggregation state of the two proteins under native conditions was performed in the 1Ϫ100 µM enzyme conAbsorption and fluorescence measurements. Absorption spectra were recorded with a Uvikon 860 or 930 spectrophotom-centration range. eter (Kontron Instruments). Excitation and emission spectra with a Jasco FP-777 or Kontron SFM 25 spectrofluorometer. Unless otherwise stated, all spectra were recorded in 0.1 M potassium RESULTS AND DISCUSSION phosphate, pH 7.5, and 25°C. The spectra of the semiquinone and fully reduced forms of both CO enzymes were obtained by Molecular mass. BCO and SCO are apparently pure as judged from SDS/PAGE and have molecular masses of 55 kDa and deconvolution analysis of the spectrophotometric data using the program Specfit (Spectrum Software Assoc., Chapel Hill, NC). 53 kDa, respectively. These values are within the range of molecular masses reported for COs from other sources (Kamei et The spectra were recorded during the process of anaerobic reduction in the presence of benzyl viologen and of the xanthine/ al., 1978; Fukuyama and Miyake, 1979; Inouye et al., 1982; Ishizaki et al., 1989; Otha et al., 1991 ; Purcell et al., 1993) . xanthine oxidase as detailed below.
Flavin content and absorption coefficients. Flavin was ex-Under non-denaturing gel filtration conditions (on Superose 12 or Superdex 200 matrix) BCO yielded a single symmetrical peak tracted from SCO by heating the enzyme at 95°C for 3 min and removing denatured protein by centrifugation. The flavin in the corresponding to a mass of Ϸ48.0Ϯ2.0 kDa. Using the same experimental approach with SCO, however, a value between supernatant was identified by its absorption spectrum compared to that of native FAD, and by fluorescence spectroscopy deter-7.5 kDa and 32.5 kDa was obtained using Superose 12, Superdex 200, Ultrogel AcA 44, or Sephacryl S-200 matrices. A low mination before and after treatment with phosphodiesterase, which generates FMN and increases the fluorescence yield molecular mass under non-denaturing conditions has been reported for CO from Schizophyllum comune (Fukuyama and eightfold (Whitby, 1953) . Absorption coefficients were determined upon unfolding the protein in 0.5% SDS at 25°C for Miyake, 1979) . This probably stems from interactions of the enzyme with the matrix of the agarose-based resins. An estimation 10 min in 0.1 M potassium phosphate, pH 7.5, and using the known ε 448 of free FAD (Whitby, 1953) .
of the native mass of this protein (Ϸ45 kDa), in good agreement with the SDS/PAGE value, was obtained on a Sephadex G-100 Redox potentials. The redox potentials were determined in 100 mM potassium phosphate, pH 7.5, at 15°C using the spec-column, which has a dextran matrix. Thereby, both enzymes were monomeric in the 1Ϫ100 µM protein concentration range. trophotometric method described by Massey (1991) and employing the xanthine and xanthine oxidase reducing system. Cresyl
On the other hand, under non-denaturing PAGE conditions BCO and SCO resolved into three and two protein bands, reviolet acetate, indigo disulfonate, indigo trisulfonate, benzyl viologen, and safranin T (all from Sigma) were used as indicator spectively. Similarly, isoelectrofocusing under native conditions resulted in three and two protein bands for BCO (pI 5.1, 5.0 and dyes. Table 1 . Spectral properties of cholesterol oxidase from B. sterolicum and S. hygroscopicus. The enzyme solutions used for obtaining the absorbance spectra were 10 µM in 0.1 M potassium phosphate, pH 7.5, at 25°C, those for fluorescence spectra were 5 µM in the same buffer. Semiquinone and reduced enzymes were obtained by deconvolution analysis (see Fig. 1 compared to that of free FAD, and, intriguingly, it is closely similar to that of oxynitrilase (Massey et al., 1969) , an enzyme (see below). These spectra suggest that the factors affecting the Oxidized enzyme in 0.1 M potassium phosphate, pH 7.5, at 25°C. The visible band, i.e. the environment of the chromophore, are subspectra of the semiquinone (2) and fully reduced (3) enzyme forms were stantially different in SCO compared to BCO. Substantial differderived from deconvolution analysis of series of spectra obtained during ences are also found for the semiquinone spectra (Fig. 1) , where anaerobic reduction using the xanthine and xanthine oxidase system in SCO has a maximum at 485 nm, while that of BCO shows peaks the presence of 5 µM benzyl viologen (see Materials and Methods secat 445 nm with a shoulder at 485 nm. Similarly, the spectra of tion for details). In the case of SCO, trace (3) does not correspond to the reduced species are very different, that of SCO being rather the fully reduced species, which could not be attained by this method.
featureless, and that of BCO resembling that of reduced flavoFull reduction of SCO was obtained upon anaerobic addition of cholesterol and the species is represented by curve (5). In the case of BCO, doxin (Ghisla et al., 1974) . While a molecular interpretation of curve (3) is identical with that obtained upon anaerobic addition of subthese differences will have to await the elucidation of the threestrate. (4) Spectra obtained upon treatment with 0.5 % SDS for 5 min at dimensional structure, it appears that the factors (probably di-25°C, corresponding to the spectra of free FAD.
poles and hydrogen bridges) affecting the intensities of the bands, and in particular those of the first (S 0 →S 1 ) transition, are drastically different. This, in turn, suggests the presence of substantial differences at the catalytic loci of BCO and SCO. 4.9 ; intensity Ϸ5, 35, and 60%) and SCO (pI 4.5 and pI 4.4 ; No relevant spectral changes were observed upon addition of intensity Ϸ25% and 75%), respectively. First attempts to char-inorganic ions such as Cl Ϫ , Br Ϫ , I Ϫ , NO Ϫ 3 and P Ϫ i at a concentraacterize the different bands for activity on cholesterol using tion up to 0.2 M to solutions of CO in 10 mM imidazole, pH 7.0, either diazonium salts or o-dianisidine were unsuccessful. Stain-at 25°C. Attempts to assess the binding of 5-cholesten-3-one ing of activity was then achieved using 3β-hydroxy-5-androsten-(product) to both CO enzymes by monitoring spectral changes 17-one and pregnenolone as substrates in the presence of iodoni-(differential spectroscopy) of the flavin chromophore were trotetrazolium salts. For SCO and using activity staining, two essentially negative. Considering the three-dimensional structure bands were detected that correspond to those obtained with pro-of CO from Brevibacterium (Li et al., 1993) this is not entirely tein staining (pI 4.5 and pI 4.4 ; intensity Ϸ25% and 75%, re-surprising, since in this structure little interaction between subspectively) (data not shown). The molecular basis for this strates and the flavin at the active site is depicted, the 3-OH heterogeneity is not yet known and is under investigation. In any function of the former being the only part of the substrate moleevent, the differences did not appear to affect catalytic properties cule that is in contact with the flavin, namely near the N(5) and specific properties such as ligand binding or formation of position. radical/fully reduced species (see below and Wels, 1997).
Both oxidized enzymes show a marked dependence of the absorption spectrum on pH. With BCO and at high pH values (Ͼ11), a bathochromic shift is observed for the near-ultraviolet Spectral properties and their pH dependence. Both SCO and BCO exhibited rather unusual absorption spectra in their oxi-band (340Ϫ350 nm). This is consistent with N(3)-H of bound FAD being not ionized at physiological pH. Both enzymes have dized states as shown in Fig. 1 , where the spectra are compared to that of free FAD (relevant spectral data are summarized in pK values that are substantially increased (BCO: Ϸ 10.9Ϯ 0.25 compared to Ϸ 10 for free FAD) (Massey and Ganther, 1965). Table 1 ). The spectrum of SCO is peculiar in that the intensity ratio of the visible and of the near-ultraviolet bands is inverted However, BCO undergoes denaturation at pH Ͼ 12; it is dena- 52 µM SCO in 0.05 M potassium phosphate, pH 7.5, at 25°C was made Curve (1) is that of SCO, 9.1 µM in 0.1 M potassium phosphate, pH 7.5, anaerobic and subsequently mixed with 15 mM EDTA (spectrum 1). The at 25°C. This solution was titrated with incremental concentrations of further spectra were recorded after 10 (2), 20 (3), 40 (4), and 180 (5) sulfite. Selected spectra, obtained upon addition of (2) 2, (3) 10, (4) 46, min of irradiation. The arrows indicate the approximate isosbestic points and (5) 656 mM sulfite are shown. Curves (6) and (7) were obtained of the conversion. from curves 4 and 5, respectively, by subtraction of 48% and 18% oxidized enzyme (curve 1), respectively, and normalization. ney D-amino acid oxidase (Massey et al., 1969 ) and a mutant of L-lactate monooxygenase (Müh et al., 1994) . Binding is a sec- Table 2 . Parameters of the reaction of cholesterol oxidase with sul-ond-order process (data not shown) and from appropriate plots fite. The rates were determined spectroscopically by following the absorboth k on and k off can be estimated ( Table 2) gel filtration. While with BCO the adduct formation depends k off the abscissa intercept, and k off in brackets the rates determined directly upon Sephadex G25 gel filtration of preformed complex to remove monophasically on sulfite concentration, the same process apexcess sulfite. Kd is the result of static experiments in which the absorpears to be more complex with SCO as shown in Fig. 2 . This is bance was read at Ϸ450 nm after spectral changes had ceased. reflected in particular by the spectral changes in the 310Ϫ350-nm area, where an increase first occurs, the spectral changes having
an isosbestic point at 340 nm up to Ϸ60% of the total conversion. The calculated spectrum of the intermediate is typical for spectrum of which is still similar to the flavin N(5)-sulfite adducts (Massey et al., 1969) , the difference of the latter being an Ϸ40% lower absorbance at 333 nm. This behavior is not affected by the presence/absence of oxygen. From this it is untured to Ϸ5% when brought to pH 12, and the pH then read-likely that free reduced enzyme is present, the second species justed to 7 within 10 min and at 15°C.
observed might thus reflect a conformational change and/or a The fluorescence emission of both CO enzymes is rather secondary effect of sulfite. Both the binding constants and the weak in the oxidized states with λ max (emiss) Ϸ 525 nm ( Table 1) . kinetics of formation differ significantly for SCO and BCO (TaThe emission of the reduced forms is approximately threefold ble 2), and the high K d value obtained for SCO accounts for the higher and has λ (emiss) Ϸ 490 nm.
incomplete formation of adduct at the maximal sulfite concentration used (Fig. 2) . Thus, while with many oxidases K d values of The reaction with sulfite. The ability to bind sulfite and form the order of micromolar are not uncommon (Massey et al., covalent N(5) adducts is a characteristic of flavoprotein oxidases 1969), in the present case they are in the millimolar range (Ta-(Massey et al., 1969 ; Massey and Hemmerich, 1980) . It is gen-ble 2). erally assumed that in this class of flavoenzymes a positive (partial) charge near the flavin N(1)-C(2) ϭ 0 locus inductively pro-Photoreduction and stabilization of the anionic flavin semiquinone. Both enzymes are photoreduced in the presence of motes the process (Massey and Hemmerich, 1980) . Both BCO and SCO form reversibly flavin N(5)-sulfite adducts (Fig. 2) . EDTA at 25°C and pH 7.5 with the formation of the red, anion semiquinone, typical of the flavoprotein oxidases class (Massey The reversibility was assessed by dialysis or by measurement of the decay to reform oxidized enzyme upon filtration over Sepha-and Hemmerich, 1980) . Two isosbestic points are observed at 340 nm and 535 nm during the formation of the semiquinone dex G-25. In contrast to the general case, however, the monophasic formation of the adduct has half-times of the order of (Fig. 3 for the case of SCO). With both enzymes, the semiquinone intermediate is not formed completely during photoreducminutes. To our knowledge, there are only three further cases of slow binding of sulfite to flavoenzymes, i.e.oxynitrilase, pig kid-tion. In the absence of a catalyst such as 5-deaza-riboflavin, the Table 3 . Kinetic parameters of cholesterol oxidase using different substrates and different assays. The kinetic parameters were determined at 25°C and pH 7.5. The three assays rely on the spectroscopical detection of product formation at 240 nm (A), on the polarographic determination of the rate of oxygen consumption (B), and on the rate of H 2 O 2 formation detected with o-dianisidine and horseradish peroxidase (C). The conditions are detailed in the Materials and Methods section. (a) 0.5 M potassium phosphate, 1% Thesit, 1.25 % isopropanol; (b) 0.1 M potassium phosphate, 1% Triton X-100, 1.25% isopropanol. 
process is quite slow (t 1/2 Ϸ 15 min Ϫ1 for both CO enzymes in 0.1 M potassium phosphate) and this velocity is inversely dependent on the ionic strength of the buffer (t 1/2 Ϸ 2 min Ϫ1 for both CO enzymes in 0.05 M potassium phosphate). The spectrum of the fully reduced species is not obtained even after 24 h of irradiation. This phenomenon has also been described for glycolate oxidase, lactate and glucose oxidase (Macheroux et al., 1991) . On admission of oxygen, essentially complete reoxidation is observed. These results are compatible with a kinetic stabilization of the (red) anionic flavin semiquinone as observed also with other flavoprotein oxidases (Massey and Hemmerich, 1980) . Determination of the redox potentials. The method described by Massey (1991) has been used for determining the midpoint redox potentials for the transfer of electrons to the flavin at 25°C and pH 7.5. For both enzymes, the separation of the two redox potentials was determined from the maximal percentage of the semiquinone reached during the reduction using benzyl viologen (E m ϭ Ϫ359 mV) as dye. The midpoint potential appears to be more positive in the case of BCO, by about 100 mV as compared to that of SCO (Table 4 ). The redox potential for the transfer of each single electron has been determined using vari- ous dyes having different redox potential. In Fig. 4 , the reduction from S. hygroscopicus. Selected spectra obtained during the course of of SCO at pH 7.5 in the presence of 15 µM safranin T as media-the anaerobic reduction of 31.2 µM SCO (1) in 100 mM potassium phostor is shown. The absorbance changes at 520 nm (corresponding phate, pH 7.5, in the presence of 200 µM xanthine and 15 µM safranin to the wavelength of maximal change during the conversion T (Em ϭ Ϫ276 mV). Selected curves are shown that were obtained upon from oxidized to reduced form of the dye and to an isosbestic addition of 30 nM xanthine oxidase. (2) tion maximum for the semiquinone form of SCO) are shown in Fig. 4 A. From these data and from the known absorption coefficients of the oxidized, semiquinone, and reduced forms of SCO ( Table 1 ) the plot of log(seq/red) for SCO versus log (ox/red) for the dye was plotted according to Minnaert (1965) (Fig. 4 B) . Catalytic properties. The cholesterol-oxidizing activity of the two purified CO enzymes is optimal between pH 6.0 and pH 8.0 From this, the ∆ E m between the dye and the enzyme was calculated. The redox potential for each single electron transfer is and decreases sharply below pH 6.0. This is in agreement with data previously reported for CO from Streptomyces violascens markedly more negative for SCO from that for BCO (Table 4) . Table 4 . Redox potentials of cholesterol oxidase from B. sterolicum and S. hygroscopicus. The redox potentials were determined spectroscopically using the xanthine and xanthine oxidase system (Massey, 1991) in 100 mM potassium phosphate, pH 7.5, at 15°C employing as redox standard cresyl violet and safranin T (E m Ϫ176 mV and Ϫ276 mV, respectively) for SCO and indigo disulfonate and cresyl violet (E m Ϫ74 mV and Ϫ176 mV, respectively) for BCO. were estimated in this context (Smith and Brooks, 1977) . The relevant parameters for SCO and BCO are listed in Table 3 . With both enzymes, the data obtained using test (A) and (C) agree reasonably well, indicating that rearrangement is not rate limiting also with steroids devoid of the C17 side chain (Scheme 1). On the other hand, a decreasing length of the C17 chain affects turnover negatively. This is particularly evident with BCO, where the oxidation rate with trans-dehydroandrosterone is only 2 % of that found with cholesterol, the K m also being Ϸtenfold higher. With CO from Streptoverticillum cholesterolicum (Inouye et al., 1982) and Streptomyces violascens (Kamei et al., 1978) , a high oxidase activity has been reported for steroids with a saturated B-ring. However, activity comparisons were not based on the determination of kinetic parameters, casting some doubts on the conclusions. As shown in Table 3 for the case of cholestanol and trans-androsterone (a substrate-product couple, the structures of which correspond to those of cholesterol and trans-dehydroandrosterone, but without the ∆ 5 double bond), BCO and SCO are not significantly affected in their turnover number and affinity for the substrate by the absence of the double bond in the steroid molecule. (Tomioka et al., 1976) , from Streptoverticillum cholesterolicum (Inouye et al., 1982) , and from Arthrobacter simplex (Lui, Effect of detergent, alcohol, and phosphate upon cholesterol 1988). In the presence of catalase, the rate of oxygen consump-oxidase activity. As the presence of detergent and alcohol is tion is approximately halved, which is compatible with hydrogen required for solubilization of substrates of CO, the effect of peroxide production. The catalytic parameters are reported in Thesit, isopropanol, and phosphate ions upon activity was invesTable 3. In the case of BCO, there is a good correlation between tigated. BCO activity is enhanced by high concentrations of the results of assays (A) and (B) or (B) and (C), with SCO. phosphate ions and decreased as a function of detergent concenHowever, with assay (C) only Ϸ50% the value of assay (A) tration. No effect upon activity is observed when isopropanol is was found when cholesterol was used as substrate. No reason is raised from 0.4 % to 4.4 %. On the other hand, SCO is dramatiapparent at present for this discrepancy. Comparison of the rates cally sensitive both to detergent and isopropanol, whereas a miof turnover with cholesterol, with those of the rearrangement of nor effect is observed with phosphate. The effect of isopropanol 5-cholesten-3-one to 4-cholesten-3-one indicates that with both upon SCO activity is more pronounced. Comparing the kinetic BCO and SCO the rate-limiting step of the overall reaction is parameters determined in 1.25% and 10% alcohol, k cat at high not the rearrangement (Table 3 ). The ratios between the isomer-concentration of alcohol is 65% of that estimated at low concenization and oxidation are Ϸ4 and Ϸ30 for BCO and SCO, re-tration. Since with SCO a strong inactivation was observed at spectively. With CO from Nocardia, a ratio of Ϸ2 was measured increasing Thesit concentrations (at 2.3 % Thesit the activity was for the two reactions (Smith and Brooks, 1977) . In the case of Ϸ 15% compared to that at 0.3% Thesit), we have studied the SCO, in which FAD is not covalently bound, addition of FAD effects of Triton X-100. With this detergent, SCO activity is does not increase the maximal activity, in agreement with the doubled compared to that in the presence of Thesit and reaches a observation of a very tight binding of the cofactor (Wels, 1997) . maximum at around 0.7% detergent concentration, subsequently 2-Mercaptoethanol also does not affect on the activity. Both the decreasing at higher concentrations (data not shown). concentration of solvent and of detergent, required for solubilization of substrates, affect to a different extent the activity of these enzymes (Table 3) .
CONCLUSIONS
The results reported in the present work indicate that CO Substrate specificity. The influence of the substrate C17 chain upon CO activity is an important topic in the context of CO from Streptomyces hygroscopicus and the recombinant enzyme from Brevibacterium sterolicum share some of the typical propcatalysis (Uwajima et al., 1974; Tomioka et al., 1976; Kamei et 
